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Breast cancer remains nowadays, the most prevalent form of cancer in women. Administration of tamoxifen allows stabilization of patients suffering from hormone-dependent breast cancer at early stage. [1] In contrast, hormone independent, triple negative breast cancers (TNBC) suffer from genetic heterogeneity and remain difficult to cure with very few treatment options left. [2] Some of us have introduced tamoxifen-like metallocifens (TLMs) including metals of group 8 (Fe, Ru, Os). These compounds result from the replacement of the β aromatic ring in 4-hydroxytamoxifen by a metallocenic entity. The main benefit of these complexes is to display antiproliferative activity on both hormone dependent and independent cancer cells. The osmocenyl Oc-OH-Tam analogues has an IC50 = 2.7 µM. [3] Cytotoxicity is related to the unique redox properties of metallocene motifs. [4] There are strong evidences suggesting that tamoxifen-like metallocifens are prodrugs. [4] [5] They are rapidly converted in cells into electrophilic quinone methides which further react selectively with thiols and selenols via a 1,8-Michael addition. [6] As such, they were shown to inhibit thioredoxin reductase, a selenoenzyme involved in the cellular redox balance, both in vitro and in Jurkat cells. [4, 7] Quantification of iron and osmium by ICP-OES in organelles resulting from subcellular fractionation of Jurkat cells incubated with the complexes revealed nearly exclusive localization in crude nuclear fraction (45-54 %) and in mitochondria (37-50%). [4] However, many artifacts are associated with organelles fractionation. Thus a cutting-edge technique providing quantitative imaging of the intracellular distribution of metal-based drugs at biologically relevant concentration in a label-free fashion is highly desirable. SR-XRF nanoimaging is well suited to meet this challenge. In this study, we report synchrotron radiation X-ray fluorescence (SR-XRF) nanoimaging of MDA-MB-231 cells exposed to 2 µM Oc-OH-Tam for 1 or 24 h. Oc-OH-Tam was selected since it contains the exogenous element Os and displays physico-chemical and biological properties close to those of ferrocifen. We used the high resolution synchrotron X-ray nanoprobe ID16A-NI available at ESRF, Grenoble, France, for which a nanobeam down to 13 nm at 33 keV [8] and 30 nm at 17 keV can be reached. 2D-XRF nanoalysis were performed on chemically fixed cells and 3D X-ray fluorescence of cells were obtained on fixed cells but also on frozen hydrated cells on the recently implemented cryo-capabilities of the ID16A-NI nanoprobe. SR-XRF two-dimensional images were first recorded on chemically fixed cancer cells. Cells were fixed as quickly as possible and immediately dried upon completion of aldehyde fixation as suggested by Jin et al. [9] SR-XRF maps were also recorded at 35 nm step size as shown in figure 1 A and C. The intrinsic presence of osmium atoms in the structure of Oc-OH-TAM allows its direct mapping through the SR-XRF emission spectrum simultaneously with physiological elements present in cells as displayed by the sum spectrum (Fig. 1C&D) . The various spectral overlap interferences between the Zn K-lines and the Os L-lines were successfully deconvolved using PyMca X-ray fluorescence toolkit. Although we could not resolve the nuclear membrane while working on whole cells within the spatial resolution of the image, the Os element was found within the confined region, a pattern likely consistent with a nuclear envelope localization. Nanoanalysis of Os revealed a large perinuclear localization which likely corresponds to endoplasmic reticulum (ER) localization. Indeed ER is a welldescribed organelle including interconnected membrane structures (tubules, vesicles and cisternae) continuous to the outer nuclear envelope and organized as an intricate perinuclear network. XRF nanotomography let us to conclude that Os had a similar distribution as that of an ER fluorescent probe applied before chemical fixation. 3D cryo-XRF analysis of frozen hydrated cells exposed to Oc-OH-Tam demonstrated a high level of preservation of the cell volume and Os distribution corroborated a similar perinuclear distribution of this element as well as nuclear contour and a quite intense concentration in vesicular structures. Overall, this body of experiments suggests that Oc-OH-Tam undergoes fast cellular uptake in MDA-MB-231 cells with preferential accumulation in the endomembrane system.
